The Wisconsin Card Sorting Test (WCST) is a neuropsychological assessment instrument, widely used in psychiatric and neurological patients for assessing higher-order cognitive functions that are related to the brain's frontal lobes. Successful completion of the WCST requires multiple cognitive operations, which include strategic planning, organized searching, the application of external feedback to shift mental sets, and the inhibition of impulsive responses.
Introduction
The Wisconsin Card Sorting Test (WCST) is a neuropsychological assessment instrument, widely used in psychiatric and neurological patients for assessing higher-order cognitive functions that are related to the brain's frontal lobes. Successful completion of the WCST requires multiple cognitive operations, which include strategic planning, organized searching, the application of external feedback to shift mental sets, and the inhibition of impulsive responses.
1 These higher-order cognitive functions are called executive functions, and failure on the WCST performance implies executive dysfunction.
Neuropsychological studies have shown that performance on the WCST was impaired in patients with epilepsy, 2 autistic disorder or attention-deficit/hyperactive disorder, 3 depression, 4 and schizophrenia 5 when compared to the normal control group. In clinical practice, neuropsychological evaluation by WCST is based on the normative reference, that is, to transfer the WCST performance from raw score to relative positional score (standard score or percentile) based on the norms of the WCST in order to decide whether the patient's performance is within or beyond the normal range. However, the cultural factor often plays a crucial role in affecting performance on the WCST. In past studies related to the effects of cultural difference on WCST performance, some researchers found that there were significant differences between the mean scores on almost all WCST indices among a Western and an Indian sample. The Indian subjects not only completed
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Sorting Test in Taiwan fewer categories and had lower conceptual-level responses, but also made more errors and perseverative responses. 6 Another study focused on the influence of acculturation on the WCST in Mexican Americans. Researchers found that higher levels of acculturation significantly improved performance on the WCST when the sample was contrasted with the USA norms. However, when the performance of this sample was compared to the Spanish norms, no clinically significant differences were found. 7 These studies demonstrate that use of the USA norms could produce false-positive indications of executive functioning deficits in normal subjects with a non-USA cultural background. Therefore, the need to establish suitable culture-specific normative data is particularly important for clinical neuropsychological evaluation.
In Taiwan, the norms of the WCST have been established for children and adolescents. 8, 9 However, the adult norms of the WCST have not yet been established in Taiwan. Therefore, the purposes of this study were to establish adult norms for the WCST in Taiwan, and to understand the development of WCST performance among age groups.
Methods
Participants
The study sample consisted of 475 healthy adult participants (male, 233; female, 242) aged from 20 to 89 years. They were recruited through an advertisement in a local newspaper and through postings in the hospital. The participants were divided into 10 groups by age: 20-29 years; 30-39 years; 40-49 years; 50-59 years; 60-64 years; 65-69 years; 70-74 years; 75-79 years; 80-84 years; and 85-89 years. All participants were interviewed in order to rule out psychiatric or neurological disease history, and signed written consent forms. The education level of the participants was divided into 4 levels according to the number of years of education: ≤ 9 educational years (n = 154); 10-12 educational years (n = 112); 13-15 educational years (n = 98); and ≥ 16 educational years (n = 111).
Test and procedure
All participants received the WCST using the 128-card procedure, and the WCST was administered according to instructions described in the WCST manual. 1 The WCST consists of 4 stimulus cards and 2 identical decks of 64 response cards (a total of 128 response cards). The response cards display figures of varying forms (crosses, circles, triangles, or stars), colors (red, blue, yellow, or green) and numbers of figures (1, 2, 3, or 4). The stimulus cards are always presented from the participant's perspective in a standard left-to-right order: the 1 red triangle, the 2 green stars, the 3 yellow crosses, and the 4 blue circles. The participant is then given a stack of response cards and asked to match each response card to 1 of the stimulus cards. The participant is not told how to match the cards (by the rule of color, form, or number); however, he or she is told whether a particular match is right or wrong.
The data from this study were collected in 2 stages. In the first stage, we used the WCST manual card version administered by qualified clinical psychologists to 148 participants aged from 20 to 59 years. In the second stage, we used the WCST-128 computerized version (WCST-CV2) administered by well-trained research assistants (supervised by a qualified clinical psychologist) to 109 participants aged from 20 to 59 years and 218 participants aged from 60 to 89 years. In the computerized WCST version, we requested the participant to point out which card should be matched in the monitor and the examiner helped the participant to press the computer key and to provide oral feedback (correct or incorrect) in Chinese. This computerized WCST version was used in order to decrease the complexity of WCST administered and to increase the efficiency of data collection. Six WCST indices were used for analysis: (1) percent errors (PE); (2) percent perseverative responses (PPR); (3) percent perseverative errors (PPE); (4) percent nonperseverative errors (PNPE); (5) percent conceptuallevel responses (PCLR); and (6) number of categories completed (CC).
Data analysis
The WCST indices were calculated by the WCST-CV2 software, and SPSS version 11.5 (SPSS Inc., Chicago, IL, USA) for Windows was used for analysis. First, the difference between the WCST manual version and computerized version was analyzed by t test. If the age or education of the participants in the 2 WCST version groups (only aged from 20 to 59 years) was significantly different, the test interpreted age or education as a covariant and performed covariance analysis (ANCOVA). Second, comparisons of the response of the WCST between age group, gender, educational level, and their interaction were performed by multivariate analysis of variance (MANOVA). If the MANOVA for any of the above variables (age, gender, education) was significant, univariate analyses of variance (ANOVAs) for each WCST index response and Scheffé's post hoc tests with an alpha level of 0.05 were then used.
Results
ANCOVA was used for comparison of WCST indices between manual card and computerized WCST versions because the education variable between the 2 groups was significantly different (t = 10.35, p < 0.001), and the assumption of ANCOVA (i.e. homogeneity withinclass regression coefficient) was satisfied (F = 0.21, p = 0.649). When education as a covariant was controlled, no significant differences in the WCST indices between manual card and computerized card presentation procedures were noted (Table 1) . Thus, we combined the data from these 2 WCST procedures and formed a large sample size in order to increase the stability of the WCST data.
MANOVA revealed the significant effect of age group (Wilks' lambda F = 2.17, p < 0.001), but not educational level (Wilks' lambda F = 1.28, p = 0.193), gender (Wilks' lambda F = 0.34, p = 0.917), or the interaction of age group × educational level (Wilks' lambda F = 1.03, p = 0.375), age group × gender (Wilks' lambda F = 0.77, p = 0.885), educational level × gender (Wilks' lambda F = 0.78, p = 0.727) and age group × educational level × gender (Wilks' lambda F = 1.04, p = 0.361) on the WCST indices, indicating that only age influenced the outcome of WCST performance (Table 2) .
Further, ANOVA revealed the significant effect of age on PE (F = 4.73, p < 0.001), PPR (F = 2.96, p = 0.002), PPE (F = 3.17, p = 0.001), PNPE (F = 3.58, p < 0.001), PCLR (F = 4.98, p < 0.001), and CC (F = 5.43, p < 0.001) ( Table 3 
519
Adult norms of WCST in Taiwan These results indicated that the 20-29 years group was superior in performance on the WCST, and no remarkable differences in WCST performance were found among the groups older than 30 years old (Table 4) . In Figure 1 , we present the 6 WCST indices in Table 2 and Heaton's WCST normative data 1 (dotted line) graphically. It shows that the WCST performance in Taiwanese was different from that of the USA normative sample, with the former appearing to have poorer performance than the latter in most age groups.
Discussion
In previous WCST studies, there were many variations in WCST materials and test administration procedures used. These variations included the response cards and deck sizes, the order of cards within decks, the use of card sorting tray, the criteria for shifting sorting categories, the number and order of sorting categories, and the criteria for test completion/discontinuation. In our study, we used Heaton's 128 cards, and the WCST continued until the participant successfully completed 6 categories, or until all 128 cards had been used, whichever occurred first. When participants finished the WCST, the number of the cards used may vary among participants. To standardize the measurement of the WCST index response, using "percent-form" is more precise than using the raw score for comparison between the 5 indices we measured (PE, PPR, PPE, PNPE, PCLR); only the number of categories index uses the raw score (CC), which reflects the global performance of executive functions and the exact number of categories completed.
Our data showed that there were no statistically significant differences among the 6 WCST indices between the computerized and manual card version methods. It means that we have no sufficient evidence to reject the null hypothesis that the 2 versions I.K. Shan, et al of WCST administration do not affect WCST performance. This was similar to the results of a previous study, in which the procedural variations between the manual card and computerized forms of administration did not substantially affect the key parameters of the WCST. 10 Although another previous study concluded that the computerized version was not equivalent to the manual card version and suggested that a new norm for computerized version needed to be established, 11 our study did not find discrepancies on the WCST performance between different methods of administration. Thus, the adult norms of the WCST established in our study could be used for the WCST administered by manual card method and computerized card presentation procedure.
In our study, there were significant differences in WCST performance among participants of different age groups. The participants in the 20-29 years old group were superior in performance on the WCST compared to the participants of other age groups. In addition, there were no remarkable differences in the WCST indices among the participants of age groups after 30 years old. These results indicate that the WCST may be less sensitive to the aging processes of Taiwanese people. With regard to frontal lobe development, it was found that the volume of gray matter in the frontal lobe decreases as age increases, while the white matter of the frontal lobe continues to increase up to 44 years of age and then begins to decline. 12 The results of our study showed that the ability to perform WCST started to decline at age 40-49 years. Apparently, deterioration of the frontal executive function appears when individuals reach middle adulthood. By that time, degeneration of the neurons and their related neuroncircuits might be expected. Given the WCST performance data for different age groups of our study, we found that the sensitivity of the WCST to the deterioration of the frontal lobe from middle adulthood to elderly was poor. Therefore, we should not infer the status of frontal lobe function from the results of WCST performance in elderly people.
With regard to cultural differences in WCST performance, our data seem to show relatively lower performance on the WCST than the USA norms. This result is compatible with those of previous studies, [6] [7] [8] and it reminds us that the WCST may not be a culturefree test. The reason for cultural differences in WCST performance may be related to educational factors. In our traditional culture, the social values and education provided by schools emphasize examination-oriented activities and rote memory, and the creative abilities that are related to better WCST performance are likely to be ignored. In clinical practice, the WCST norms provided for the USA should not be used for Taiwanese people; it may increase the incidence of falsepositive errors in this norm-referenced interpretation. Accordingly, establishment of adequate culture-specific normative data for the WCST in different countries or cultures to remove this bias is needed, and our normative data for WCST would enhance its clinical applicability and future research on the WCST in the Taiwanese population.
